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NON-THROMBOGENIC IMPLANTABLE DEVICES 
Field of the Invention 

The present invention relates generally^ to prosthetic materials and more 
specifically to prosthetic devices in the form of patches, tubing, valves and 
other components which are adapted to patch or replace tissues which have at 
least one bloodstream facing surface. In particular, the present invention is 
concerned with providing such materials which prevent or at least 
significantly reduce the formation of thromboses on the bloodstream facing 
surfaces thereof. 


Background of the Invention 

Surgical repair or replacement 1 of major blood vessels or heart valves 
damaged by disease or injury . is. a : -difficult and delicate process. Where the 
blood vessel or. valve involved has been damaged or has- deteriorated to the 
• point where it carmot be repaired, it must be replaced. ■ 

With respect to blood vessels, techniques have been- developed to use arteries 
or veins from other parts of the patient's body, or from a. suitable donor, to 
replace the damaged or^ diseased body part. Accordingly, double surgical 
procedures are required, in one- procedure' a length of vessel suitable for 
: replacing the injured or diseased portion being removed from one part of the 
body, or from the donor, and in the second procedure this being implanted at 
the site of the injury or disease. ' - ■ ' • * ■ ' • 
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The use of blood vessels from donors ;has been successfully employed, but 
such procedures call for the suppression of the body's normal immune system 
antagonism toward the presence of foreign tissue. AJthough this procedure 
has become safer and more readily regulated, it requires drugs, which may 
have untoward side effects on the patient. Certainly, the simpler and more 
straightforward a surgical procedure, 4* .greater the likelihood that the patient 
will tolerate it well and will make a satisfactory recovery. 

r ' <...'■•- 

More, recently,, artificial shunts, grafts, patches and heart valves have been 
developed for replacing the body parts found to be damaged or defective, by 
suitable surgically implantation procedures. Such artificial components have 
been made from materials selected for their capacity to be tolerated well by 
the human body, to handle the requirements of fluid pressures demanded of 
the affected blood vessel or valve, and for their ability,to provide attachment 
sites for the anchoring of sutures and ; the, formation of scar . tissue. Among 
. such materials ., are. polytetrafluorQethylene.or PTFE (e.g.. sold , under the 
; registered , trademark osTeflonl. and 03d^^ 

sold under the registered Mdemar^'^acroji"). Both are. especially well-suited 
for producing knitted, woven or braided implants, grafts, or attachment cuffs. 
■ Another material soused ,for .shunts, grafts and patches is- an expanded 
. micropore poly^trafluPtoethylene ePJTFE (e.g. sold under the; registered 
. .trademark. "Gqre-Tex"), Examples .0f,;,eatheters, heart valves,, or plastic 
reconstructive surgicakmatenal^rtQubecat least partially-embedded in an 
- implantation site in soft organic .tjssuetof a Jiving organism are; shown and 
described in U;S. Pat.#.5ai9,361 .(yon Recunrand Campbell) and U,S, Pat. # 
5,011,494 (von Recum and Campbell). The spft tissue implant devices-are for 
promoting anchorage thereof at the implantation site and the growth of 
collagen at the implantation site, and include a body defining a surface layer 
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extending over the portion of. the body contacting the organic tissue. The 
surface layer defines a three-dimensional pattern with an exterior surface 
defining a plurality of spaces and a plurality of solid surface portions. 

The presence or formation of thromboses or blood clots is of significant 
concern in any surgical procedure, and is also a most serious problem in using 
arterial-venous shunts and grafts and patches or artificial heart valves. 
Clotting frequently occurs in dialysis shunts or grafts, requiring removal of 
the shunts or grafts, cleaning and surgical re-implantation. The formation and 
dislodging of a clot may result in the occlusion or blocking of a blood vessel, 
interrupting the life-giving, flow of blood to major organs of the body. 
Formation of thromboses in surgically implanted arterial or venous grafts may 
result because of such factors ;as the woven, porous nature of the graft 
material, a , construction of which may attract blood platelets or debris in the 
bl ood stream. The graft's chemical composition, its compliance, and/or its 
electro-negativity, each of which may evoke a different tissue reaction may 
also contribute to thrombosis. See, for example, Greisler, et al., "Plasma 
•Polymerized; Tetrafluoroethylene/Polyethylene , Terephthalate Vascular 
Prostheses", Arch. Surg. Vol 124, pp. 967-972 (August 1989). This creates 
the attendant risk that once a mass .ofdetritiis reaches a significant weight and 
size, it may adhere to the wall. of the blood vessel, progressively blocking the 
vessel, or it may be dislodged by the flow of blood through the blood vessel 
and will travel until it encounters a blood vessel having a diameter less than 
that of the thrombus, causing a blockage. 

* ■ ■ ~' 1 ■ - ' , 

• ' ' < - ' ' ' j i i , ' . * ' ' 

Various methods or : features , for limiting formation of thromboses in vascular 
shunts, grafts and artificial heart valves, have been proposed in the prior art. 
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Examples of vascular shunts are shown and described in U.S. Pat. # 4,167,045 
(Sawyer). Sawder teaches avascular shunt made from Dacron, coated with 
glutaraldehyde-polymenzed proteins, aluminium or other substances. Sawyer 
also teaches that early attempts to use rigid, gold tubes as vascular shunts 

were unsuccessful. 

U.S. Pat. # 4,355,426 (MacGregor). describes the use of metallic porous 
• vascular grafts for prevention of formation of thromboses by the formation of 
a thin layer :of tissue which adheres on the porous surface ? of the grafts. The 
thin' layer of tissue takes a long time to form, and- m the meantime thromboses 
may be formed, rendering, the use of the grafts as surgical prostheses 
extremely limited. In: other attempts of limiting formation of thromboses the 
, coating materials applied to the grafts havb been utilized: •■ 'UiS. Pat. # 
4 718 907 (Karwoski et al.) describesra-fluorinated coating applied electrically 
-to- the surfaces of mterwoven fabric- tube; U.S. : Pat. # 4;265 ; ;928 (Braun) 
describes* thin, coating of an ' : ' *■ 


, Wlnle tlie use- of mainly .homosetfeoas . synthetic materials,^ e:g ; "Teflon", 
"Dacron"-: or "Gore-Tex" appeared to> be" more successful ^an implant 
material, -tHe pDrous. or-fibrillated sthictiire:of -these. materials ^itself * factor 
causing formation of thromboses.. :The porous or fibrillated structure of these 
material serves as;a trap, for the: debris iii the, blood stream, thus creating the 

. centers of formation and propagation: of thromboses. -In order to limit the 
formation of thrombosis, it has been suggested that at least on* surface of the 
,mplantable device interacting with the recipient's blood should be metallized, 
i.e. its pores filled with a metal, or the surface as a whole-coated by a thin 
layer of metal - - 
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U.S. Pat. # 4,557,975 and 4,720,400 (Manisso) describe the application of 
coatings, including metal coatings, to synthetic non-woven fabric made from 
microporous polytetrafiuoroethylene (ePTFE), which is characterized by 
having a microstructure of nodes interconnected by fibrils. Continuous 
interporous metal coatings are provided which encapsulate at least some of 
the nodes and fibrils of the PTFE while maintaining substantial porosity of 
the material. A method is described of producing temporary liquid-filled 
hydrophilic microporous article resulting in an improved metal plating 
manufacturing process. The encapsulation of the nodes and fibrils is achieved 
by immersion into a liquid solution, and chemical deposition of metal from 
that liquid. While many uses for the metal, coated PTFE micro-structure are 
enumerated, there is no disclosure or suggestion that such a material is or 
may be suitable for use in preventing or reducing thromboses. Furthermore, 
the -manufacturing process for. such a material as described would result in a 
great deal of impurities being present in the crystalline metal layer, with 
unpredictable results. in terms of thromboses, 

U.S. Pat. # 5,464,438 and 5,207,706 (Menaker) describe implantable vascular 
prostheses such as grafts, shunts, patches or valves, formed of synthetic, 
woven fibers are coated with a thin layer of metallic gold' to form a 
non-thrombogenic surface. Methods of manufacture are also disclosed. The 
coating is .applied to the inner wall by~ vapor deposition or sputtering to coat 
the fibers without blocking , or bridging, the interstices formed by the 
intersection of the fibers. These prostheses use the therapeutic properties of 
gold, together with the body's long-term tolerance to the presence of gold. 
The gold is applied as a continuous layer over the fibers of the patch, but 
leaving the original interstices of the woven material substantially intact such 
as to enable body tissue to infiltrate the= implant and hold it firmly in place. 
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.While such cardiovascular prostheses may serve to prevent bacterial infection, 
they do not provide a suitable non-thrombogenic surface for permanent 
implantation, since the standard electrode potential of gold is highly positive, 
and.this encourages .adsorption of blood elements onto the surface leading to 


thromboses. 


• U.S. Pat. # 4,871,3.66 and 4,:846,834 (von Recum and Cooke) describe a soft 
tissue, implant, comprising a- flexible mam body portion,- having tissue-facing 
surfaces, i.e. the surfaces. that. face tissues such as blood vessel wall and are 
, thus facing away, from the bloodstream, and. a thm- layer of pure ' titanium 
covering the tissue-feeing surfaces: This .invention includes also a method of 
' promoting tissue -adhesion of a softtissue.host to the tissue-facing surfaces of 
: a -soft tissue implant comprising a,stnp,of polyethylene, terephthalate vel our 
comprises the steps of cleaning- the strip with a low-residue detergent, ; and 
= rinsing same with fresh distilled water; refluxmg the: strip m distilled water for 
one hour at a temperature of less than 30:degree C; drying the stripy a 
room-temperature desicator for several days; sterilizing the strip and 
, , packaging same; degasing the 'Strip' Land storing same in- a :dust-free 
, environment; removing the strip from ither.packaging and mounting the strip in 
the vacuum evaporator, at m approximate angle of incidence oi 90.degrees C. 
; - frqma pure titanium.metal eyaporaht;:eva6uating the vacuum evaporator to a 

,. vacuum of about^^^ 

resistance heating, same- coating: the strip vnOk a layer of pure> titamuni on the 

- . order of > one micron,, thick';,: .and, resterilizing and implanting the 

. , .. - • 

, titanium-coated strip into;the tissue, host/ ; : 


. However, the titanium.coating, which is about 1 micron thick and- continuous 
over the exposed surfaces of the material, . is provided with the objective of 


WO 01/58504 PCT/IL01/00131 


promoting tissue adhesion of the soft tissue host to the, tissue-facing surfaces 
of a soft tissue implants. Thus these patents actually teach away from using 
titanium films for preventing adhesion of body tissue thereon, and therefore 
for limiting or preventing the formation of thrombosis. In addition, the use of 
vacuum evaporation method described therein does not permit to control 
either energy or flux of the high-energy metal particles during the coating 
process. This in turn does not allow to control the thickness or characteristics 
of the metal coating, which is continuous in the microscale and mainly 
crystalline, nor of providing strong adhesion of the coating to the implant's 
surface particularly when subject to mechanical stretching or bending. 

Thus, implantable devices of the prior art that have at least one surface 
exposed to. the recipient's bloodstream are generally prone to the formation of 
thromboses, ; and the. addition o/ ^protective layer to the devices has been 
suggested to reduce the formation of tliromboses. However, one of the causes 
of formation of thromboses in implantable devices is the presence of 
electrostatic charges on the surface. -exposed to the recipient's bloodstream. 
These, electrostatic charges, facilitate, adsorption of, blood elements onto the 
surface -exposed to the bloodstream, which, in turn, causes formation of 
thromboses. The use of the protective thin metal layer made of metals with 
positive electrode potential, e,g : platinum, gold, etc., as used in prior art 
devices causes massive adsorption^ negatively charged blood elements onto 
the surface coated by such metal layer Therefore, such metals are unsuitable 
as a non-thrombogenic protective layer. On the other hand, such metals as 
titanium, , zirconium, hafnium, vanadium, niobium, tantalum, chromium, 
molybdenum or tungsten haye, negative electrode potential and, therefore, are 
more suitable for this purpose. However, upon partial oxidation of the surface 
of these metals the resulting electrode potential may become positive. For 
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example, titanium's standard electrode potential is about -1.6 Volts; however 
after spontaneous passivation of its surface (i.e. partial oxidation by air or 
on its initial exposure to the bloodstream) it changes to about +0.3 Volts, 
thereby encouragmg -the adsorption of -negatively charged blood elements 
onto the metal layer. Thus metal coated prosthetic materials taught by the 
prior art, even when using metals such as titanium, do riot provide 
non-thrombogenic properties,- and m fact enable the formation of thromboses. 


1 r T 


While US,-3;914,802 descnbes a material having a bloodstream ' facing 
non-metallic : lining composing negatively 'charged silica particles, which 
would appear to defy the fundamental macro electroneutrality principle. It is 
unclear how such a lining maybe created m practice as free electric charges 
do not exist under ambient- cdndrmri^more so under in vivo conditions. In 
any case, there is no disclosure or suggestion a metal coating over a 

suitable. substrate to reduce thrombosis. 1 ! • •'- ' 


, V. i i .j' i 


. . . An. aim of the* present invention is to - provide non-thrombogenic prosthetic ■ 
^material having a Mcom^^ A^^ that is ^contact with 
the stream, of blood and ov^toetf^isadSrai^frof prtei art materials. 


17 * 


- • It -.is .another *im *f the- pregenthiiiventi6n.:is to provide ndn-thrdmbogemc 
implantable cardiovascular devices witlv a metal coating on the^siirface-thereof 
; ■;, that is;in contact with the stream of ■bloods ?• ' ; 


,It is another aim. . of the present " 'invention ■ to combine ^ - highly 
,.non-thrombogen.c properties with elasticity and high -durable 'surface 
, adhesion particularly: with mechanical stretching or bending -of such devices 

or .material. ^ 
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It is another aim of the present invention to provide a method for the 
manufacture of such prosthetic material in any suitable shape or form, in 
particular where the characteristics of the metal layer may be finely 
controlled. . 


Other purposes and advantages Of the invention will appear as the description 
proceeds. 


Summary of the Invention 

The present invention relates -to a non-thrombogenic prosthetic material for 
the vascular system of the /body, having at least one bloodstream facing 
surface, comprising a ibase layer made, from a suitable material, and a thin 
substantially amorphous, or at least partially -amorphous layer of a suitable 
metal covering: at least part of said base layer, said metal layer comprising 
said at least one bloodstream facing surface, wherein said metal layer is made 
from a suitable metal such as to provide a substantially non-positive electrode 
potential with respect to a bloodstream in contact with said metal layer. 


The material may be in the form of a device adapted for implantation in the 
body. Thus, the present invention is thus also directed to' a non-thrombogenic 
implantable device for the vascular system of the body having at least one 
bloodstream facing surface,, comprising a base layer made from a suitable 
material, and a thin substantially amorphous or at least partially amorphous 
layer of a suitable metal covering at least part of said base layer, said metal 
layer comprising said at least one bloodstream facing surface, wherein said 
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metal layer is made from a suitable metal such as to provide a substantially 
non-positive electrode .potential with respect to a bloodstream in contact with 
said metal layer.. - : . ' • - ' 

: •. . _. .. ->'. 

Such a device may be in the form of a patch adapted for grafting onto a 
predetermined part of the vascular system. Alternatively, such a device may 
be in the form.,of a prosthesis adapted for suitable implantation in the vascular 
system of the body. The prosthesis may be in any suitable form, for example 
in the form of a vascular graft or shunt, or in tubular form, having an inner 
substantially cylindrical bloodstream facing surface, said metal layer 
comprising said bloodstream facing surface. Alternatively, the prosthesis may 
comprise said material in the form of at least one component of a suitable 
artificial heart valve, said at least one .component thereof having at least one 
bloodstream facing surface, said .thinymetal layer comprising said at least one 
bloodstream facing surface. Alternatively; the. prosthesis-. may comprise said 
material inthe form of. at least one-component, of a suitable artificial .heart 
assembly; sai&at, least one component having at least ,one bloodstream facing 
, surface:, said ; un>i;metaUayer comprising- said, at least' one bloodstream .facing 
surface*. • .- Jl ,.-j.i , r..L*c •/• an.< •, - - :i • <- Mv:. 

Preferably, the metal layer is substantially non-continuous, and the metal 
layer- is .. made- from--;a-.:met9htevift-g a: substantially • nonrpositive standard 
electrode, potential... Typically^ femetaJMayer comprises' a thickness which 
; may vary from between . aboufe Qjnmrand- about 400 rnm, with an; average 
thickness of . between 50 nm to between about 300 nm., and preferably about 
.20,0 nm; The metal layer , may be made from any one of titanium, zirconium, 
hafnium, vanadium, niobium, tantalum, chromium, molybdenum or tungsten, 
or. any, suitable alloy .comprising at r least one of titanium, zirconium, hafnium, 
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vanadium, niobium, tantalum, chromium, molybdenum or tungsten. 
Typically, the metal layer comprises an oxide of'any one of titanium, 
zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum 
or tungsten. 

The prosthetic material may further comprise at least one body-tissue facing 
: surface adapted for implantation in a body tissue. 

Preferably, the base layer is made from a substantially homogenous suitable 
synthetic material. Typically, the base layer is made from a synthetic material 
chosen from polyurethane, including different co-polymers thereof and 
polyurethane-derived materials, .polytetrafluoroethylene, polyethylene glycol 
terephtlialate, or expanded microporous polytetrafluoroethylene, and other 
suitable polymeric materials.. f, 3 . 


Typically, the base layer is covered by said metal layer by means of a 
magnetron sputtering based procedure. 

The present invention is also directed to a method for providing a 
non-thrombogenic material for the vascular system of the body having at least 
one bloodstream facing surface, comprising covering at least a portion of a 
base layer made from a suitahle, material with a thin substantially amorphous 
or at least partially amorphous layer of a suitable metal, said at least one 
bloodstream facing surface of the non^tlirombogenic material being 
comprised on said thin metal layer, wherein said metal layer is made from a 
suitable metal such as to provide a substantially non-positive electrode 
potential with respect to a bloodstream in contact with said metal layer. 
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Preferably, but not necessarily, the metal layer is * applied non-continuously 
over said base, layer, and the base layer may be- covered by said metal. layer by 
means of a magnetron sputtering based ■ procedure. Such a magnetron 
sputtering based procedure may comprise the following steps:- 

(a) providing said basejayer made from a suitable material and in a x 

- suitable form; 

(b) placing said base layer, in -^a vacuum chamber comprising suitable 
magnetron sputtering means; 

(c) providing a target made from said suitable metal in said vacuum 

- .chamber; ' ■ - . ■ . 

(d) evacuating the chamber to. a residual pressure; 

(e) providing , an atmosphere of • plasma forming gas in said/ vacuum 

chamber;;;. •- ■ - ' r; 

(f) initiating a suitable electrical glow discharge in said vacuum chamber 
to provide plasma ions from said plasma forming gas directed at said 

. metal. target; -■ - '" v -'v :- ," ; ■ ' - ■ * 

(g) sputtering metal from said metal :tacgct onto said base layer responsive 
to interaction of said plasma ions onto said metal target whereby to cover 
said base. ..layer, with , a thinr substaritially non-continuous layer of said 

-metal.-, • >,- :■■ ^ : - ' ! '• ' ' ' ' ' ''' "' 


' 'X 


; , Optionally, the method may further comprise the following step between 

steps^a) and (jb)i--;. ■ - rs'C- : ■ 
; . : ; • ; . (h) cleansing said base layer using . any suitable cleansing metfiod; 
Preferably, cle.ansing- method is anmltrasonic-based cleansing method.- - 
• Optionally,- the- method may . further comprise the following step "between 

steps (e) and. (f): ■ ' : 

(i) ionically etching at least one outer surface of said base layer; 


■ "~> "J menu a 1 I 
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Typically, the plasma forming gas is argon; the ionic etching step is 
performed : at a pressure of berweem-about 0,1 Pa to about 1.0 Pa, and 
preferably between about 0.3 Pa to about 1 .0 Pa; a power density associated 
with said magnetically sputtering step is between about 4.0 W/cm 2 to about 
6.0 W/cm • a potential associated with said magnetically sputtering step is 
between about 200V and between 500V, 

Typically, the magnetically sputtering step is performed until an . average 
thickness associated, with said substantially non-continuous metal layer 
reaches between about 50 nm to between about 300 nm. - " 

In the method, the base layer is typically made from a suitable synthetic 
material, in particular, a suitable synthetic material chosen from polyurethane, 
including different co-polymers thereof and polyurethane-derived materials, 
polytetrafluoroethylene, polyethylene glycol terephthalate, or expanded 
microporous polytetrafluoroethylene, and other suitable polymeric materials. 
The metal target may comprise a metal chosen from among any one of 
titanium, zirconium; hafnium, vanadium, ' niobium, tantalum, chromium, 
molybdenum, or J tungsten, or an alloy comprising at least 'one of titanium, 
zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum 
or tungsten: • . , - - -■■ ■ \ - . 

Typically, the method further comprises the step of oxidising at least a portion 
of said substantially amorphous metal layer^ optionally by exposing said 
metal layer to the atmosphere or exposing said metal layer to a bloodstream. 
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Optionally, the base layer may be provided in the form of a sheet particularly 
adapted for providing a vascular .patch, wherein said metal layer is provided 
on the bloodstream facing layer of /said sheet. Alternatively, the base layer 
may be provided in the form of a .tube- said method further comprising the 

steps:- x -' : ' ' 

(j) inverting the tube inside out so that the inner cylindrical surface 

is now outermost; • 

(k) re-inverting the tube so that the said inner cylindrical surface in 

». innermost again; . ' 

wherein step. performed before step (b), and step (k) is performed after 
step (g), whereby said metal layer is provided on said inner cylindrical -surface 
of said tube. 


' - ^ '.J ■ t ' ' ' J / 


Alternatively, : the base layej;may.fbe: pEOMded. in the form:df. at least one 
component of a suitable artificiahheatt ;val^, wherein -said thin metal layer is 
-. provided on the bloodstream: facing lay ers of said at least- one component of 
said- suitable artificial heart v.alye.iaAltematively; .the base, layer may be 
provided in the form ; of .at: least one component of a: suitable artificial heart 
assembly, wherein said thin metaUayer jsiprovided on the bloodstream facing 
layers of said f at least one componenLof said suitable artificial heart assembly. 


The present invention is also directed to a method for replacing a vascular 
tissue with a non-thrombogenic implant comprising the steps of:- 
- surgically-removing: said vascular tissue; - 1 . ; : . .: . 

. surgically, implanting a sjiitable^.non-thrombogenic implantable device 
according, to the present invention, ' 
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The present invention is also directed to a method for repairing a vascular 
tissue with a non-thrombogenic implant comprising the steps of> 

surgically preparing a damaged part of said vascular tissue to receive 
an implant; 

r 

surgically implanting a suitable non-thrombogenic implantable device 
according to the present invention on said damaged part of said vascular 
tissue. 


Brief Description of the Figures 

Figure 1 illustrates, in perspective view, the main elements of representative 
cutting of a first embodiment of the present invention. 

Figure 2 illustrates, in perspective and partial cross-sectional view, the main 
elements of representative cutting of a second embodiment of the present 
• invention. . 


Figure 3 illustrates, in perspective view, a part of the embodiment of Figure 2 
in detail. ' ; ; 


Figure d illustrates use of the embodiment of Figure, 2 in coronary bypass 
applications. .. , . • 


Figure 5 illustrates, in transverse cross-sectional view, the main elements of a 
• third embodiment of the present invention. ■ 
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Figure 6 shows «he mam elements of a matron apparatus used for 
providing a tD1 „ ? ubsta n tia>. y non-continuous .layer of rnetal on. a substiate, 
according to the present invention. . . 

Flgure 7 tllustrates, in transverse cross-sectional *w, details of the sputtenng 

station of Figure 6. ... , 

Flgure 8 shows a nueroscope sitde image at a magnification of about 80 of an 
omenta, specmen of a graft according to the present invention, after 
implantation in a test animal . 

Flg „re 9 shows a nueroscope slide image at a magnification of about 250 of 

the experimental specimen of Figure 8. ^ ■, ...... ... . ■ . ... 


Description ' 
The present invention ts defined by the claims, the contents of wmch are to be 
re ad as included with., the disclosureof ^specification, and w,ll ; now be 
described by way of example with reference to the accompanymgFtgures. 

^pm**^^*****>*** prosthetic material for 
to vascular system of the body havmg a, least one bloodstream facing 
surface to whteh the material may be used to provide non-.hrombogen.c 
Vascute implantaWe devicesr including prosthetics, for many applications 
, ncl ud.ng but no, tim„ed to, patches, vascular grafts, components of artttoa. 
hear, valves and artiftcta. hear, assembl.es, and the like. The prosthetic 
materia, comprises a mm layer of a suitable mete, covenng at leas, par, of a 
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ir b t;r e fr ; m a different ™- where,n *• — -~ 

„l n « • " ° f ^ ^^a,,' The present 

invention is characterised in that th s ,hi„ „ . , , 
amomh„, . , layer is substantially 

amorphous or a. .east partly amorphous and made of a meta, s U ch as to 

prov.de a substantially non-positive electrode po.en.ia, w,.h respect to a blood 

1TZ 7 ,aCt ,eadmS t0 SUbStanfe ' — g enic and even 
anti-.hrombogemc properties of the pros.„eti. m a«er,a,. Preferab.y, the metal 

ZL7 anSed n0n " COmmUOUS ~ « wiH be 

described m greater detail hereinbelow. 

TcinfrT to F,sure a ' fet emb ° dtoen » ° f the 

Z S d r eSem lnVent '° n ' S ShSet f ° tm 00) — * 
'aye (5), and a UU n substantially amorphous layer (7) ma de from a su.table 

s.des thereof, though ,„ other . applications, the base ,ayer (5) raay be 
cove red with a meta, .layer ,7) , n eitner side ^ ^ \ ^ > 

or at ,eas partly amorphous me.a, layer (7) .ompnses the bloodstream 
, c,„ g surface ( 8) , f the prosthetic mater,,. Advantageously, the base ,ayer 
5) „■ adapted for promoting adhes,on <o body tissue and thus comprises a 
assue facng surface . (9) adapted ; for, mentation * a : body tissue In 
Particular, the base ,ayer (5) i.self *ay be adapted for ,mp,an.a«,on ,n a body 

e. The term .,ody „W is herein ta^en to tnclude any approbate tissu 
Of .he body w.th .he exc,„ sion of Wood itse.f, The tissue fac rag surface (9) 
and. m ge , the said base layer <5) ^ fc ^ * J * 

sub,an,a„y homogenous su,table synthetic material, ,„ particufcr .ncludmg a 

irr rr TT m Mne - — - 

tnereor and polyurethane-derived material. ♦ ^ * 

maienais, polytetrafluoroethylene, 
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. polyethylene . , glycol • terephthalate, or . expanded rmcroporous 
polytetrafluoroethylene.and other sutable polymeric materials- 

The said thin substantially amorphous metal layer (7) is made from a metal, 
i e., a base metal or alloy,havmg a substantially non-positive, i.e., nominally 
zero or preferably, negative; electrode potential when exposed to 'and in 
contact with a bloodstream. The metal itself from which the layer (7) .s made 
may - have a negative or even a slightly positive standard electrode potential, 
such that when formed as a thin substantially amorphous layer on a suitable 
substrate provides a substantially non-positive potential with respect to a 
bloodstream in contact- therewith. The actual thickness (t) of the said 
substantially non-continuous metal layer may vary from between about 0 nm 
and about 400 nm, and the average tluckness ; may vary between 50 nm to 
, between about 300 nm, bemg.p^ably about 200 nm. Thus, the metal layer 
(7) is typically substantially ..amorphous, or quasnamorphotis, preferably 
comprising a substantially non^continuous structure m the micro, scale, though 
it- may nonetheless, appeals A continuous layer in the macro-scale; i.e., as 
viewed^y a use. ^hereof: In. th* miero-s* then, herein loosely defined as a 
^ microscopic scale ..^.^JitftaDtrf^l.tolOwthe metal layer (7) 
" ma y, com^^^ity.^.sm^r^tmuities-ot bpemngs which are 
" ' substantially devoid ;of any- m^Jhc^^-^^e^mfe P^s of the 
base layer (5) at these,openings. Alternatively, or indeed at other parts of the 
metal layer (7), the metal layer ,(7> may: comprise specific depositions of metal 
" which are -disconnected one, fto me .other, .forming an. "island" type pattern 
^ in" the micro- scale,- Alternatively, or mdeed,at other parts of the metaL layer 
(7) the- metal .layer (7) may be in the form of a net-like structure wherein 
some , areas of metal deposition may be intercalated with, voids, but 
nonetheless. fully or .partially connected .one to another. - Thus -the term 
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:no„ continuous „ in the contex , of I ^ ^ 

~on ,s to be underst00d „ reIatlng t0 ^ mlcroi3cale ^ p 

as descnbed more Mly hereinbefore, so ,ha t a, least par. of the materia, of the' 
base layer (5) may be exposed to .he Woodsy via small voids or .he ,*e 

formed ,n the meta. layer (7) .he exposed areas be.„g arranged ,„ . 

statistically even manner with respect to the metal layer (7). , 

Typ.ca.Iy, about 50% ,o about 95% of the surface of the base ,ayer (5) ls 
actually covered by metal of the sa.d non-con.muous metal layer (7): 

The metal layer (7) according to the present mvention ,s thus different ,n form 
and funcon to the metal coatmgs of unp,antab,e devices known ,„ me ar. As 
e.p.amed earl.er, im P ,an,ab,e,dev,ces general.y have a. leas, one surface 

exposed to the recipient's bloodstream If this suHW a 
. nrnt . .. . . r ™ s surface does not have a 

pro.eC.ve layer often, auses formation of thrombose. Known a «tem P .s to 
prevent formation of thromboses re!y on the formation of a tissue layer over a 
' UUtal C ,° at,n8 tha ' ' S W'^ 'O dev.ce. However, these formation of such 
. tissue layer ,s generally too. siow. to compete w,.h the- formation of 
, ro^oses,. and such devices are genera.ly unsuccessful. One of the causes of 
formation of thromboses ,„ .mplantable devices , is the presence of 
e ectrostatic charges on me .surface exposed to the rec.p.enfs bloodstream 
These electrostatic charges fac.htate adsorption of blood dements onto the 
surface exposed ,o .he b.oodstream, wruch, in turn, causes formation of 
thromboses. Tne use of the protective metal layer made of metals with 
positive electrode potential, e.g. platinum, gold, e.c,, as used in p nor at. 
ev.ces causes mass.ve adsorption of negatively.harged blood elements onto 
he surface coated by such metal layer. On .he o.her hand, such me.als as 
«-ta„.um, zl rcomum, hafnium, vanadium, n.ob.um, . tan.a,um, chrormum 
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. molybdenum of tungsten have negative electrode potential and, therefore, are 
more suitable for. this. purpose-However, upon partial oxidation of the surface 
of these metals the resulting electrode potential may become positive. For 
example, titanium's standard. electrode potential is about -1.6 Volts; however 
after spontaneous passivation of its surface (i.e. its partial oxidation by air or 
on its initial exposure to the bloodstream) it -changes to about +0.3 Volts, 
thereby encouraging the adsorption of negatively charged blood elements 

.- onto the metal- layer. Thus metal coated prosthetic materials taught by the 
prior . art,., even when using .metals such : as titanium, do not provide 
non-thrombogenic properties, and in fact enable the formation of tliromboses. 

In sharp contrast . to . prior art prosthetic, material used, for -implants, for 
• .example, the micro-scale structure -of the metal layer (7) accdrdmg to the 
'present.- invention, ^.m particular; ^ substantially amorphous or 

quasi-amorphous metal structure: ^particular: together with its relatively low, 

and. preferably non-regular,r .thickness, .enables .the metal film or coating to 
- retain an almost zero or even slightLy^negative electrode potential on exposure 
... to^he -blpedstream, :or to, air, cwaterifitc^Accordmgly^ such a substantially 
... amorphous ..-thop. metal -..kytf.^'lP^des vnon^hiombogpiiic-- or 1 even 

anti^hrombogenic.properties,ismce. blood relemerits,are, either not encouraged 
. to adsorb onto the surface ^ ; or..mde e d ; are.actively repelled from;' the metal 


layer (7) 


i ~* * ? 


.,i'. r . -.r f 


^ J t 


Unlike, the crystalline, state,: ' 'the > amorphdus . state is characterized by 
^comprising a,liquid-like structure, i.e. one lacking the long-range^ order: Thus 
v the energy, of chemical bonding: between the atoms comprising an amorphous 
solid may differ drastically #om. that in a .crystal of the same r: chemical 
substance. .Therefore- both chemical : and physical properties; such as 
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reactivity and electrode potential,, may vary depending on whether the 
substance is in an amorphous or crystalline state, i.e. its degree of 
crystallinity. 

The terms "quasi-amorphous" and "at least partially amorphous" are used 
interchangeably herein to mean that the structure of the substance in question 
comprises in the main, or in a significant portion thereof, the amorphous 
phase, and may in addition also comprise in part the crystalline phase. 

As described above, the electrode potential of a metal depends on the degree of 
crystallinity, and the electrode potential of an amorphous or quasi-amorphous 
metal will normally tend to be more negative than that of the same metal in 
the crystalline phase. Thus by forming a film or coating of amorphous or 
quasi-amorphous metal over a suitable substrate it is possible to "tune" the 
electrode potential of the metal coated material in such a way that is becomes 
substantially non-positive and, therefore, non-thrombogenic, when exposed to 
a bloodstream, while the same metal coating in the crystalline phase could 
have a positive electrode potential in relation to a bloodstream. In this respect, 
the thickness and topography of the metal coating allows some control over the 
relative proportion of the amorphous phase relative to the crystalline phase, as 
relatively thick metal coatings tend to be increasingly crystalline. The method 
; <Qf deposition, in particular, the enei^gy of deposition and the ambient pressure 
under which the deposition is conducted, are important factors in deterrnining 
the relative proportion of amorphous phase in the metal layer. Also, the choice 
of the metal itself is very important as some metals, such as gold for example, 
will still provide a high positive potential, even when in the. amorphous state 
and are thus not suitable. 

Thus, the metal layer (7) is advantageously made from any suitable metal in 
particular chosen from any one of titanium' zirconium, hafnium, vanadium, 
niobium, tantalum, chromium, molybdenum or tungsten, or indeed any alloy 
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comprising any one : of these metals, including nitrides and carbides. Further, 
the metal layers(7) typically comprises a corresponding oxide of any one of 
titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, 
molybdenum or tungsten, respectively, typically formed naturally by the 
exposure of the corresponding metal layer (7) to air W a bloodstream. 

, _ - * j * " ■ ' 

'* * Mr * 

The prosthetic material according to the first embodiment of the present 
invention, being in the form of a'sheet (10), may be thus be provided in any 
suitable size and shape according to need, or may be cut. to size and shape 
from standard sized sheets. Accordingly v an implantable device may be made 
from such a sheet (10) formed or cut to the appropriate dimensions and thus 
adapted for grafting onto a predetermined part of the vascular system of the 

body. • - ..... 


1 f- 


./ .: J 


• f 


As' will be further undeVstood with ^ 'referehce' to ^thef embod^ of the 
present invention described' hercmb elow,' ' the small thickness . and 

; ^continuous characienst^ otiie, important 

' advantages. In particular, si^ 

* prosthetic , material. .j^ Jexed... and/or stretched to. greater extents than is 
possible, with .truly continuous ^metal- coatings of the prior. art, -enabling the 
prosthetic material of the present invention -to be used for many applications 
not hitherto possibl e brpraetical. 


i r -> 


Thus, referring to Figures 2 arid '3, m a second embodiment of the present 
invention said non-thrombogenic prosthetic material is provided in the form 
of a prosthesis adapted for suitable implantation in the vascular system of the 
body, said, prosthesis being exemplified as a vascular shunt or graft. (20).. . 
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The said vascular graft (20) comprises said prosthetic material as described 
with respect to the first embodiment, mutatis mutandis, but in tubular form 
rather than in sheet form. Thus, the vascular graft (20) of the second 
embodiment comprises an inner, substantially cylindrical bloodstream facing 
surface (28), comprised on a thin at least partially amorphous and preferably 
non -continuous metal layer (27) that coats an outer cylindrical base layer (25), 
similar to the bloodstream facing surface (8),' metal layer (7) and base layer 
(5), respectively, described for the first embodiment, mutatis mutandis. The 
vascular graft (20) may be optionally coated or covered by a outer layer of 
suitable material (not shown) for protection thereof against mechanical 
shocks, and/or for preventing' leaks therefrom. 

The flexural properties provided by. the thin substantially amorphous metal 
layer (27) enable the vascular graft (20) to be formed by inverting the base 
layer (25) inside out so that the originally innermost inner cylindrical surface 
is now outermost, coating- this surface with a thin metal layer (27), and then 
re-inverting the- base layer (27) to- reposition the inner cylindrical - surface 
inwardly once again. With thicker of fully continuous metal layers, such 
inversions cannot be performed- at J al I once the metal layer has. been formed, or 
at best results in poor adhesion of the metal layer on the base layer, and/or 
cracking of the metal layer. - < . : ; . -, > 

As illustrated in Figure-4, for example-such vascular grafts (20) may be used, 
for example;, as coronary artery bypass prostheses (20'), or indeed as 
prostheses for replacing varicose veins, and so on. 

Referring to Figure 5, in a third embodiment of the present invention said 
non-thrombogenic prosthetic material is provided in the form at least one 
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component ofa.smtable artificial heart valve assembly (40), said component 
being exemplified as a flexible-valve member (30). . 

The artificial heart assembly (40) composes a substantially rigid" valve body 
(42) typically made from a metal such as titanium, defining two chambers 
(44)' and (46) therein separated by said valve member (30). T.ubulures (52) 
and (54) provide inlet and outlet ports to the first chamber (44), and, tubulures 
(56) and (58) provide inlet and outlet ports- to the second chamber (46). The 
said valve member (30) comprises said prosthetic material as described with 

- respect to the first embodiment, mutatis mutandis, but in the form of a pair of 
discs of said prosthetic material arranged back-to-back rather than in sheet 
form. Thus, the valve member (30) of the third embodiment comprises a first 
disc (31) having, a. bloodstream facing': surface, (3 8),- comprised on a- thin 
substantially non-continuous - metal ^(3?) that: coats, an inner disc-like 

base-layer (SS^.similar^.lhe-WM^^^- 8 ^^ 11 ^ (?) 
and base layer (5), respectively, described fojrthe first;embodiment, -mutatis 

- mutandis. Thrive member (30) also comprises. a second disc (3 leaving a 
bloodstream, facing .surface : (38')v> ; comprised : on, a thin substantially 

* ■ non-continuous metal ,layer,(370. m^ WMmMcAke base layer (35 •), 
similar to ; the, bloodstream; facing surface. (8), jnetalTayer (7) and.base layer 
(5), respectively, described for the first embodiment, mutatis mutandis. The 
first disc (31) and the second disc (3V) are arranged back to back such that the 

, . base layers- (35) and ,(3 5') are facing one another and form-ia cavity (39) 
between them which, is filled by a suitable gel sealed therem. . . . . - ' 

Thus, one bloodstream facing surface (38) is in communication with the first 
chamber (44), and the other bloodstream, facing surface (38') of the valve 
member (30) is in communication with the second chamber (46). 
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The flexura, propert.es proved by ,he ,!„„ „,e,al layers (37) and (37') 
according t0 the present ,„ven„o„ enable the valve member (30) to be 
contour flexed in norma, operation of the artificial hear, assembly (40) 
wthout the need for the app,ica„on of large actuation forces, or without 
damaging these metal layers. With thicker raeta, layers, such continua, flexmg 
cannot be performed except with the apphcafon of reia.ively large actuatmg 
forces to overcome the flexura, r, gl d,,y thereof, and a.so results m poor 

layer. 

Similarly, other components of the. a,t, fi c,a, heart assembly (40), includmg 
for example, the tubulures <52), (54), (56) and (58) may also be made as 
prostheses formed from s.aid prosthetic materia, according to the present 
mventton in a similar manner as described above, mutatis mutandis 


The , present invention ^ a method for provdmg a 

non-thrombogenrc materia, for the vascular system of the body having at leas, 
one bloodstream facing surface, comprising covering at leas, a portion of a 
base, layer made from a .sa.table . materia, wim a thin substantially 
non contmuous layer, of a suitable meta,, sa,d a, leas, one blood*™ facmg 
surface of , he non-thrombogenic material be.ng comprised on said thin 
substantially non-c„m„,„<ms layer of a su.table metal. . - 

The mos, successful mchods for provding thin metal layers are vacuum 
depos„,o„ .echmcues, in P art,c„,a, vacuum evapora,on, p,asma spraying 
and magnetron sputtering methods. 
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The vacuum, evaporation method includes three main stages: evacuating the 
working chamber, evaporation (e.g. -from- a crucible) of preheated material 
used for coating and condensation of the vapor on a substrate. Despite its 
, simplicity and the ability to provide high rates of deposition this method does 
not produce highly adhesive metal coatings or layers; and cannot be used 
successfully for metals with high melting points, such as tantalum, niobium 
and zirconium. Further, ejection of large metal particles' in the form of 
droplets of molten metal is possible during evaporation, which is undesirable. 

The electron-beam vacuum evaporation method is suitable for metals with 
high-melting points and has -high deposition rates (up to 50 nanometers per 
second). But this method has very low efficiency' (6nly-T-5%. of all energy is 
used for evaporation). The substrate is; exposed to high temperatures; which 
may cause; distortion, degradtfiott>W*W-d^ of 
molten metal droplets is also possible, which is undesirable. 

The, plasma spraying method enables highly adhesive films of almost any 
metals to. be: formed., on; ..substrates : without exposing the latter to high 
... temperatures.. This method comprises the' steps of evaporation of the desired 
metal ionization of the metal vapor td ; 'form a plasma flux arid condensation 
. of the metal on the. substrate from the plasma flux. Concentration of the metal 
t ions in the flux, maybe up vtoMVf while their average^ ehergy is^ 50-70 
electron-volt, which provide; conditions for good adhesion by the metal onto 
the substrate. Unfortunately, it is possible to have local overheating of the 
substrate. Ejection of large (10-15 micrometers) metal particles as ; droplets of 
molten metal is also, possible during evaporation,' which as with other 
methods described above is undesirable. ' " 
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The preferred method according ,o the present invention for covering said 
base by said thin substantially non-continuous metal layer is by means of a 
magnetron sputtering based procedure. The magnetron sputtering method for 
forming a thin, preferably non-continuous, amorphous metal layer on a 
nubble substrate has a.number of advantages: high adhesiveness of the 
resultmg metal layer on the substrate; the adaptability of the method for use 
w,th any metal, including metals with high melting points, absence of ejection 
of molten metal droplets, possibility of applying the sputtering method , 0 
assemblies or to production lines which are used in a continuous manner. 

The magnetron ion.c sputtering method is based on such physical phenomena 
as: ionization of a plasma forming gas, electrical glow discharge in vacuum 
and sputtering of the ' metal target's material by bombarding r, with 

. accelerated ions. * 

The preferred method, according' to dte. present invention, ,s directed to the 
formation of a thin substantially amorphous, and preferably non-continuous 
layer of a suitable metal over . a suitable .base layer such as to create a 

• substantially non-positive electrode potential With respect to a bloodstream to 
proy.de a non-thrombogenic prosthetic material. In particular, the preferred 
embodiment of method of the present invention is a magnetron sputtering 

, based procedure comprising the following steps:- - 

(a) .providing said base layer, made from ^suitable material arid in a suitable 

form; , . ,. 

(b) cleansing said. base. layer, preferably ultrasonically; . . 

(c) placing said, base layer ,„ a vacuum chamber comprising suitable 
magnetron sputtering means; . . 


BNSDOCID: <WO_0158504A1 1 > 


PCT/ILOl/00131 

WO 01/58504 


28 

(d) providing a target made from said suitable metal in said vacuum 

chamber; " t ^ 

(e) evacuating the chamber to a residual pressure; 

(f) providing an atmosphere of plasma forming- gas in said- vacuum 
chamber; : 

(g) ionically etching atleast one outer surface of said 'base layer; 

(h) initiating a suitable electrical, glov? discharge in said vacuum chamber to 

. provide plasma ions from said 'plasma forming gas directed at said metal 
- target; j 1 • 

(i) sputtering- metal from said metal target onto said base layer responsive 
to interaction of said plasma ions onto said metal target whereby to cover 
said base layer- with a thin substantially amorphous ^nd preferably 
non-continuous layer of said metal • ' ■ . • 


Thus, referring to Figure 6, the magnetic sputtering-: apparatus, generally 
designated at (100), comprises a air-lock (103) in communication with a 
working chamber (1 1 3) via a sealable:. opening (1 17); the air-lock (103) 
: comprises a substrate holder (105) for supporting a base layer (1 35) ■< during 
- manufacture:/ of: the prosthetic 'material according to the •invention. The 
working chamber (113) comprisesqsuitable sputtering means for providing a 

* 

, . glow .discharge:. next, to a~ suitable' metal -target in a rarefied plasma J forming 
gas, as will be described in -greater detail liereinbeloW; A" cbhveydt- system 
(123) or any other suitable. transportation- system is provided for transporting 

L the base layer (135), supported by the- substrate holder (105), from file air-lock 
(103) into the different stations (A) and (B) within the working chamber (113) 
as required, and for. removing the prosthetic material formed thereon to the 
air-lock (103). A suitable sealable opening (not shown) enables the air-lock 
(103) to be accessed from the outside of the apparatus (100), in particular to 
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enable workpieces to be inserted into the air-lock (1 03) and finished products 
removed therefrom. A second air-lock (not shown) : may be provided 
downstream of the sputtering station (B) to facilitate the use of the apparatus 
(1 00) for mass production, by enabling finished products to be removed from 
the working chamber (113) without interfering with the introduction of new 
work pieces thereinto via air-lock (103). The sputtering apparatus (100) is 
serviced by an evacuation system (200) for providing a vacuum or near 
vacuum in the air-lock (103) and in the working chamber. (1 1 3), and by a 
suitable gas supply (300) for supplying argon gas, or any other suitable 
plasma forming gas, into the working chamber (1 1 3) A suitable power supply 
(400) provides power to an ionisation source (115) situated at the ionic 
etching position (A) in the working chamber (113), and to a magnetron 
assembly (109) situated at the sputtering position (B). 

- Referring to Figure 7, the sputtering assembly (109) comprises a magnetic 
block (119) aligned with respect to a target cathode (133). During operation 
of the apparatus (100), in particular the sputtering step of the process, the base 

'• layer. (135) is aligned with the: target catiiode (1 33), and an anode (141) is 
positioned intermediate the cathode (133) and the base layer (135). A DC 
power source may be use to operate the sputtering assembly (109), wherein 
the anode (141) and the cathode (133) are operatively connected to a positive 
and negative, terminals, respectively, of a suitable DC power source. 
Alternatively, the sputtering assembly may be powered by means of a radio 

. - frequency induction source, in which case a separate and independent anode 
• (141) may not be required The target cathode (133) is made from, or at least 
comprises, the metal from which it is desired to form the said thin 
substantially amorphous layer (137) on the base layer (135), and is typically 
in the form of a disc, though it may be in any desired shape. Thus, the cathode 
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(133) is preferably made from, or.at. least comprises a suitable metal having a 
substantially non-positive electrode potential, and thus may include any one 
of titanium, zirconium; hafnium, vanadium, , niobium, tantalum, .chromium, 
molybdenum op tungsten, and, preferably .titanium, or any suitable alloy 

comprising- one or more of these, metals, for example - : < 

. •• ■ .■' ■ "■' ■ . 

The anode (141) is typically annular, or at. least has a shape that circumscribes 
the, periphery of the cathode (13.3), providing a central aperture for providing 
communication between the cathode (133) and the base layer (J 35) when this 
,s positioned in alignment with the cathode target. (133) at the sputtering 

station (B). , . : - • 

■ ■ . ■ ■ - ( . : 1 '■' . \' '' ' : • 

1. . 

Thus, the metal to be sputtered, has the potential of. cathode (133),. and. the 
anode (141) is placed a few centimeters from the cathode (133), between the 
latter and the substrate, which for,thes^^simplicity j&tam.takeri-rolbe a 
base layer (135) of an .implantable; device of. any suitable shape. The anode 
(1.41) typically has an earth p.otentiaL.j The.magnet block (119) is. located 
above the cathode (133),vs0;m3t,QTii^ 

cathode .(l^.ia^ross^fieldis^ and magnetic. fields 

-intersect, is created riear. the cathode (433) ; in which a cloud of plasma (143) is 
formed and concentrated, (The-, plasma: cloud; (143) .comprises argon- ions, 

. .originally provided as argon gas , from, the argon supply .source :(300), after the 
working ^ chamber;(ll3)has^een iS uaat3ly;evaquated of air; therein.) Cations in 
. the plasma cloud (1 43) . are accelerated, towards the cathode-target (133) and 
bpmbard its surface to . dislodge i. and sputter the metah atoms therefrom. . The 
metal species leaving, the ' surface of the cathode-target (133) <. are then 

■ deposited as a thin metal layer (or (film). (137) on ithe base layer (135). 
Localization .of. the electrons near the .cathode-target, resulting fronv this 


WO 01/58504 

PCT/ILOl/00131 


31 

arrangement, prevents electron bombardment of the base layer (135), and 
accordingly its temperature is kept low and the number of radiation defects of 
the deposited metal layer is diminished.. Further, the adhesion to the base 
layer (135) of the metal layer formed by this method in significantly higher 
than of that achieved using other methods, for example, vacuum evaporation 
method. This is because of the high energy of the sputtered metal species 
which ,s between about 5 to about 10 electron-volt, compared with less than' 
about 1 electron-volt in case of vacuum evaporation method. 

The magnetron apparatus (100) may thus be used for forming a thin 
substantially non-continuous metal layer on a suitable, substrate (135) as 
follows, the base layer (135) typically being made from a suitable synthetic 
material chosen from polyurethane, including different copolymers thereof 
and polyurethane-derived materials, polytetrafluoroethylene, polyethylene 
glycol terephthalate, or expanded mi croporous polytetrafluoroethylene, and 
other suitable polymeric materials.:. 

- : • • . / ^ • - : s : • ' -. • 

A base layer (135) of suitable size, :shape and thickness is placed m an 
ultrasonic bath containing a low residue detergent solution in distilled water 
for ultrason.c cleansing, Thi s is followed by rins.ng by freshly distilled 
water, and the base layer (135) is then dried m a delator at ambient 
temperature. Then the base layer (135) is then placed in the substrate holder 
(105), . and inserted into the working chamber (113) via the air-lock>(103) 
. The working chamber (113) is then evacuated by means of the evacuation 
system (200) to a residual pressure of about 0.1 Pa, and an atmosphere of 
argon .s created ,n the working chamber (1 13) by means of the argon supply 
source (300) The base layer (135) is then moved into position at station (A) 
i.e., the ,on,c etching pbsition (A), in opposed relationship to the ion source 
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(115) by correspondingly displacing the substrate holder (105) by means of 
the conveyor system (123). Ionic etching of the base layer (13'5), or at least 
the upper or outer, surface thereof is then performed at the residual pressure of 
0.1-1.0 Pa in.order to create: an unadulterated surface on the base layer (135), 
for subsequently. enabling the metal layer to be formed with aHiigb degree of 
adhesion to the base layer (135). Then the" base. layer (135) is moved into the 
sputtering position (B), i.e. opposite the target-cathode (133), by 
correspondingly displacing the substrate holder (105) by: means of the 
conveyor system (123). Rotational means (135) may men be brought into 
engagement with the substrate holder (105) to turn the base layer (135) about 
a suitable axis so as to enable other parts of the base layer (135) to be exposed 
to the sputtering, particularly where the base layer (13 5) is in tubular form or 
round. Alternatively, the, substrate .holder (105.) itself may be adapted to 
; enable the base layer (135) to be rotated about any suitable. axis. 'Additionally 
, or alternatively, the conveyor systeib.vi(l23),, or indeed- any, other suitable 
system incorporated in the apparatus ' (1 00), may provide Ja Reciprocating 
movement to the substrate holder (105) to increase the extent of exposure of 
; , lhe haS e layer (1 3 5) to the sputtering, particularly where the base layer (135) 
■is in sheet forrm, 


A glow, discharge- is then initiated ^ the: working chamber (113) above the 
.target-cathode (133),, and -cations :?fbargon: are 'accelerated, towards the 
target-cathode 433, and- bombard its-surface. As a result: the. metal -Species 
leaving the surface of .the, cathode-target (1 33) are deposited as a thin metal 
layer (or film),on the base layer :(1 3.5), This step, of the sputtering process is 
- typically performed with argon plasma at pressures-ranging from about 0.3 Pa 
to about 1,0 Pa, Further, increase of pressure typically worsens the- adhesion 
to the base layer (135),. while further lowering of pressure .generally results in 
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substantial crystallmity of the produced metal layer. The optimal value of the 
power density of sputtering typically lies between about 4.0 Watt/cm 2 to 
about 6.0 WattW. Increasing further the power density generally results in 
overheating and distortion of the base layer (135), and hence loss of elasticty 
whtle decreasing the power dens.ty to below about 4.0 Watts/cm 2 results in' 
co„s,derable decrease of flux density of the metal species and, drerefore of 
efhcency of the sputtering process. The sputtering step is typically, carried 
out at a potential from approx.mately 200 Volt to approximately 500 Volt 
between the anode (141) and cathode (133). 

The average th.ckness of the substantially amorphous or quas, amorphous 
and preferably non-continuous, metal layer, applied to the surface of the base 
layer (135) ,s typically between about 50 nanometers to about 300 
nanometers, with respectively 50% to 95% percent of the surface of the base 
layer (135) actually being covered by metal. If the average thickness is less 
than about 50 nanometers formation of the electrostatic charges on the surface 
of the base layer (135) may not be completely avoided, winch may in turn 
cause formation of thrombosis. Tctalcontmu.ty of the metal layer ,s typically 
ach,eved . when , its average thickness exceeds 300 nanometers. In this case the 
elasticty of the' tee layer (135) is significantly diminished, and the metal 
layer becomes prone to cracking? upon stretching orbending of the. base layer 
(135). The non-continuous structure of the metal layer (at the micro-scale) 
allows the .mechanical tensions to relax and, therefore, enhances adhes.veness 
and robustness of the metaMayer; '. ..it - 

■ ' ' / ^ '* ' ' . 

Typ.cally, a, least part of the resulting thin substantially amorphous and 
preferably non-continuous metal layer is then oxidised, either by exposing 
said metal layer to the atmosphere or to a bloodstream. 
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The said base,tayer (.135) may optionally be provided. in the form of a sheet- 
particularly adapted for providing a vascular patch, wherein said substantially 
; nan-continupus metal layer is provided on the bloodstream facing layer of 
said sheet. Alternatively, the said base layer may be provided m the form of at 
least one component of a suitable artificial heart valve, wherein said thin 
substantially non-contmuous ■ metal layer is provided on the bloodstream 
facing layers of said at least one component of said suitable artificial heart 
valve. Alternatively, the base layer (1.35) may be provided in the form of at 
least one component of a suitable artificial heart assembly, wherein sard thin 
substantially amorphous: and preferably non-contmuous , metal layer is 
.provided on the -bloodstream facing layers of said, at least ,bne component of 
said suitable artificial heart assembly,. -' . • ; 


The- magnetic sputte^g'm^»<?*^ to the present invention may also 
be used successfully for prosthesis;, .material m the. tubular, form, such as in the 
, . .case of a vascular, shunt or. , graft, .in which it is required, to apply: a : .tlim 
. substantially ^oiphous >an4 preferably non-contmuou, anetaf film , to the 
* inner facing cylindrical surfa:ce;thereof The method according to the present 
invention allows f for simplification of the technological process required for 

this purpose,, the OT bem S firSt 

inverted inside out soas to.expose^irmer cylindrical- surface outwardly. 
Then the exposed ..surface-. isL$ubjec^d;ta..meta] sputtering, and, finally, the 
vascular graft is inverted once again back to its. original condition, in such a 
manner that the thin protective metal layer is now situated in the 
internally-facing surface of the tubular body of a vascular shunt or graft, 
where it is exposed to the : recipient's bloodstream. ■ 
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Whatever the form of the base* \^^ r ni^ *i 

C baSe layer < 135 )> the combined effects of the electric 
and magnet, f ie ,ds in the working chamber (1,3) produces spiral Rectory 
and lengthen^ of the path of motion of electrons with coi.espond.nl 
en^emen, of the efficacy of .omzatio, Thus, a cloud of dense low 

-peda.ee plasma . formed, and sputtenng occurs at the potent.al of 200-500 
Vol s. A sul , the efficiency Qf system ^ ^ 

heatmg or * e base layer 0 35) is dmumshed, while the non-tLombogemc 
properties of the metal layer or coating formed thereby 1S unproved 


Examples 


The ro„ow,„ g experiments were conducted on two pa,rs of dogs, at Afferent 
<™es, ,„ whtch the operations were performed without the use of hepann and 

M f A d ° 8S reCe ' Ved n ° an,i - P,ate ' et °" <* "ogs was 

subjected to a first operation, and the second pair of dogs to a afferent second 
.operation,. 

"i"^T TT one 5 cm iengtM - mm ****** 

to replace a 3 cm long seCon from the abdominal aorta of each dog. 

Thus, for each dog in Sunder intravenous general anesthesia the abdomen 
was opened through a m id,me, m c.s IOn ,T h e abdomina, ^ 
rem below tbe rena. artenes up to the.aort.cb.fur.atio, Afte r Cam ing 
-cm part of aorta was resected and 8-mrn mterna, diameter, 5cm L S 
ftantum coated graft was sutured ,„ eud-to-e„d fash,o„ w,th two 5-0 Prolen 

irjvr t ^ '~ tasis w ' ui *• -*~ - 

closed ,n 2-layer fascal sutures using 2-0 Vycry,. The skin mcision was 
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closed with a 3-0, Vycryl single suture. 


One dog in this -pair was sacnficed after about 1 month, and the second dog 
after about 3 months. The .grafts were, excised from each of the dogs after 
sacrifice. All the grafts were found to be clean from thrombus. 


In the second operation, two 5 cm lengtV4-mm internal diameter grafts were 
used to replace two carotid arteries (one at each side of the neck) of each dog. 

Thus, for each dog, under intravenous general anesthesia, a 10-cm mid-line 
skin incision was made above the tracheal cartilage. Using blunt preparation 
between trachea and long cervical muscle, a 7-8 cm of length of the carotid 
artery was separated. Carotid artery .was Occluded with two rnicrovascular 
clamps (Heifitz) and , ( 4,cm,parta of):ther attery- was , resected. The'5-cm 
Titanium-coated 4-mm PTFB graft was sutured in end-to-end -fashion using 
two 6-0 Prolen sutures on each end. After completion of anastomoses the 
graft was covered with cervical muscle. The same procedure was performed 
on the other side.of the neck, The. Skin mcision . was closed with 'a 3-t) Vycryl 

single .suture. 


■ \ 

One dog in this pair, was sacrifieed.;afte D iabout : 1 month; and the second dog 
after about 3, months,; The ^grafts -werer excised *om each of the dogs after 
sacrifice. All the grafts were found to.be clean from thrombus. : " 


i' ' 
1 . \ ■ 
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Results 


1. Dogs sacrifice aft» r one mnnth 
Gross Examination 

The graft surface ,s smooth, wuhou, Slgns of thrombosis or fibrin deposits 
in *e areas of sutures between the graft and the vesse, wa„ a 

ofthe ^ wall and on ly a few thmfragmenteoffibnn were seen. ' 
Microscopic Examination 

The surface of the graft area is smooth and regularly covered by a thm iayer 
of an amorph.c material 0,-0.2 mm ,hic k . No s.gns of thrombosis or p,a,e,e< 
adhes.on were found. In , he area of sutures there is a shght pro tr U s,on of the 
vesse, wal. and an mflammatory ., infill . ln the wa„ of the vesse, The 
mmtrate^contams lymphocytes, pl asma ce.ls and a few granulocytes- 
^c k e„ed . bl ood .vesse, s (vasa va ? oru,n) are seen in the vesse, Wal, No' 
.hr 0mb os,s was seen. There was one sma„ area on the w,,, of the grafts 
where a smal, fragment of fibnn was,ee„ nuhe ,ume„ W.thOut attachment to 
ine graft iruier surface. - ■ . < , - 


2^ Dogs sacrificed afW th™ a ^ nihl 
Gross Examination 


The graft surface is smooth no sisns of thm m u n • 

' Mgns ot t,lrombosis were seen. In the area of 
sutures between the graft and the vessel wall there w*. a « v • 

. , Wdl1 mere was a thickening of the 

vessel w»thout signs of thrombosis. 


f 
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Microscopic Examination 

The surface of the graft is smooth. No s,gns of thrombose or platelet 
ad hes,o„ were seen. The area of sutures,show S thickening^ the waU and 
areas of fibrosis. A mM inflammatory mfiltrate in-the modi, of the vessel 
was seen. No thrombosis was found. . 

,,,„„« X and 9 show typ.cal Horoscope ..mages at about 80 and about 250 
magnifications, respectively of the ftamum coated graft after the expemnents 
,„ which the dogs were sacrificed after 3 months. No srgnificaht d.fferences 
were found between the. results, obtamed- w,,h the dog that had the first 
operation and w«h the dog that had the second operation, was completed. 
Refemng. to these figures, teflon graft-(150): can be seen as havmg a fibrous 
texture havmg a tlnn non-co„..nuous, torn -layer ■<! 5-2) on the bloodstream 
facng surface of the graft. The other stde -of the graft (I SO^buts the cOarctate 
fologica. tissue (154) of. the .dog, As,,s clear ■ from thise- -figures, the 
bloodstream facmg surfaces of the graft covered by the titantat layer (152) 
' ^ substantially free of adsorbed:pla<e^ 

' ' dog's blood which would normally contribute to the formation of .thromboses. 
These positive results prov.de evidence that the prosthetic ma.enal 
comprismg a base layer and a thin, substantially non-continuous layer of a 
suitable metal according to ,h>,,present invention provides' .excellent 
non-tlirombogenic properties. 


* J v. 
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Thus, the present invention also relates to a method for replacing a vascular 
tissue with a non-throm oogenic implant comprising the steps of> 
-surgically removing said vascular tissue; 

- surgically implanting, a suitable non-thrombogenic implantable device 
as described hereinbefore, mutatis mutandis. 

* * * 

Further, the present invention is also directed to a method for repairing a 
vascular tissue with a non-thrombogenic implant comprising the steps of:- 

- surgically preparing a damaged part of said vascular tissue to receive 
an implant; 

- surgically implanting a suitable non-thrombogenic implantable device 
as described hereinbefore, mutatis mutandis, on said damaged part of said 
vascular tissue. 


While in the foregoing description describes in detail only a few specific 
embodiments of the invention, it Will be understood by those skilled in the art 
that the invention is not limited thereto and that other variations in form and 
..details may be possible without departing from the. scope and spirit of the 
invention herem disclosed or speeding, the scope- of the claims. 


i 


i . "S • i 
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Claims 


1 A non-thrombogenic prosthetic material for' the vascular system of the 
body having at least one ' bloodstream facing surface, comprising a base 
layer made from a suitable -material, and a thin substantially amorphous or 
at least partially amorphous layer of a suitable metal covermg at least part 
of said base layer, said metal layer comprising said at least one 
bloodstream facing surface, wherein said metal layer is made from a 
suitable metal such as to provide a substantially non-positive electrode 
potential with respect to a bloodstream in contact with said metal layer. 

- 7 A* non-tlirombogenic prosthetic material as 1 claimed in claim 1, wherein 
said metal layer is substantially non-contmuous. 

3 A non-tlirombogenic prosthetic material as claimed in claim 1, wherein 

said metal layer is made from a metal having a substantially non-positive 
standard electrode potential. 

4 A non-ttoombpgenic prosthet.0 matenalas clatmed ,n claim 1 .where... 
„.., .satd metal layer comprises a; thickness, wl„* may, vary from between 

, about 0 nm and about 400, nm. I 
■ :-5 A non-tlirombogenic prosttetfe< material ^s claimed in claim l,' wherein 
said mB tal-layer'-c^^s 'aH^i^^^s of between' 50 nm to 
between about 300 nm., and preferably about 200 nm. 
6 A non-thrombogenic prosthetic material as claimed in claim 1, wherein 
said metal layer is made from any one of titanium, zirconium, hafnium, 
vanadium, niobium, tantalum, chromium, molybdenum or tungsten, or any 
suitable alloy comprising at least one of titanium, zirconium, hafnium, 
vanadium, niobium, tantalum, chromium, molybdenum or tungsten. 


•■■■*>.' .Mi J \ 
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A non-thxombogenic prosthetic materia, as churned m Cam, 6 wherem 
sa.d metal layer comprises an „ xide of any one of ^ ^ 
hafnrum, vanadium, n.obium, tanta , um ch ' 
tungsten. r 


8. A non-thrombogenic prosthetic material as clawed in c,„ , sald 
matena, further co mpnsing at least one ^ ^ ^ 

tor implantation in a body tissue. 

9. A non 4 „rombogen,c prosthetic matenal as claimed m Cairn 8, wh e reul 
sard base .ayer is made from a substantially homogenous surtable synthetic 

1 0. A non-thrombogenfc prosthetic matena, as Canned m claim 8, wherem 
sard base layer , s made from synthet]c 

■ poyurethane. mcluding different copolymers thereof and 
polyurethane-derived materia^ polytetrafluoroethy.ene, P o,ye U ,y,e„e 
g.yco, tereph fl] a,ate, or expanded m.croporous polytetrafluoroethylene 
, and other suitable polymeric materials. 

H- A non-tliroinbogenic prosthetic -material as Canned in 8, wherem sard 
■ matenal is in the form of a devrce adapted for,m P la B ta,io„,„ ,he body. 
•2. A non-n.on.bo^os^i ^^ as clajmed ,„ , • 

devrce ,s m the form of a patch' adapted for grafting onto a predetermined 
part ot the vascular system. : 

13. A non-ttaombogenic prostheiic materia, as Canned in c , aim u 
wherein said device in ^ ... 

jlmi| ., ,. , 7 f ° r,n ° f a P rosthesis adapted for suitable 

implantation ,n the vascular system of the body. 

'4. A non-thrombogenic prosthetic materia, as Canned in ,3, wherein sard 
prosthes.s ,s in the form of a vascular graft or shunt. 
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15. A non-thrqmbogenic prosthetic material as claimed in 14, wherein said 
prosthesis, comprises said material in tubular form • having an inner 
substantially cylindrical, bloodstream ■ facing surface, said metal layer 
comprising said bloodstream facing surface. 

16. A non-thrombogemc prosthetic material as claimed in 14, wherein said 
, prosthesis, comprises said material in the form of at least one component of 

a suitable artificial heart valve, said at least one component thereof having 
at least one bloodstream facing surface, said metal layer comprising said at 
least one bloodstream facing surface. . .. ■ 

i ' ' i ' 

17. A non-thrombogenic prosthetic material as claimed in 14, wherein said 

. prosthesis comprises said material in the form of at least one component of 
a suitable artificial heart assembly, said at least one component .having at 
least one bloodstream facing surface, said thin metal layer .comprising said 
at least one bloodstream facing surface,. fc; , . r . . 1 . - 
18,. ; A non-tlirombogenic prosthetic , -material as claimed m any one. of 
claims 1 to 17, wherein said base: layer is covered by said' metal layer by 
means of a magnetron spiittenng based,procedure. , • • 
19, ' ,A non,tbTO.mbogenic':implantahle devrce for the vascular system of the 
body having at least one ; bloodstream facing. surface, .comprising a .base 
: ' ' ' layer made from a s U i^ amorphous or 

at least partially amorphous layer of a suitable metal covering at least part 
of said base layer, said metal layer comprising said at least one 
r : ' bloodstream facing surface," wherein , said metal layer is made .from a 
" ' ' suitable metal'such as to provide a substantially non-positive electrode 
potential with respect to "a bloodstream in contact with said metal layer. 
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20. A substantially non-thrombogenic implantable device as claimed in 
claim 19, wherein said device is in the form of a patch adapted for grafting 
onto a predetermined part of the vascular system. . 

21. A non-thrombogenic implantable device as claimed in claim 19, 
wherein said device is in the form of a prosthesis adapted for suitable 
implantation in the vascular system of the. body. 

22. A non-thrombogenic implantable device as claimed in claim 21, 
wherein said prosthesis is in the form of a vascular graft or shunt. 

23. A non-thrombogenic implantable device as claimed in claim 22, 
wherein said prosthesis comprises said material in tubular form, having an 
inner substantially. cylindrical bloodstream facing surface, said metal layer 
comprising said bloodstream facing surface. 

24. A non-tlirombogenic implantable device as claimed in claim 22, 
wherein said prosthesis comprises said material in the form of at least one 
component of a suitable artificial heart valve, said at least one component 
thereof having at least one bloodstream facing surface, said thin metal 

: : layer comprising said at least one bloodstream facing surface. 

25. A non-thrombogenic implantable device as claimed in* claim 22, 
wherein said prosthesis comprises said material in the form of at least one 
component of a suitable artificial heart assembly, said at least one 
component having at least one bloodstream facing surface, said thin metal 
layer comprising said at least one bloodstream facing surface. 

f 

26. A non-thrombogenic implantable device as ' claimed in any one of 
claims 19. to, 25, wherein said metal layer is substantially non-continuous. 
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27. A noh-tlirombogenic. implantable device as claimed in any one of 
claims 1 9 to.. 25, wherein said metal layer is made from a metal having a 
substantially non-positive standard electrode potential. 

28. A non-thrombogenic implantable device as claimed in any one of 
claims 19 to 25, wherein said metaUayer comprises a thickness which may 
vary from between, about 0 nm and about 400 nm. 

29. A non-thrombogenic implantable . device as claimed' in any one of 
clainis 19 to 25, wherein said metal layer comprises an average thickness 
of between 50 mn to. between about 300 nm, and preferably about 

r t ± - ■ * 

t « ■ ■ * * 

200 nm. . . . - • • -.. .. : '>■■■ : 

30. A non-thrombogenic implantable device as, claimed in any one of 
claims 19 to 25, wherein : said; imsial' layer 'is -made from any one of 
titanium, zirconium,, hafnium, ya^djum, niobium, tantalum, chromium, 

i * * 

molybdenum or tungsten, or, any .suitabje. alloy comprising at least one of 
titanium zirconium, Mniujn, .yanadjum, t #io.bium» .tantalum, phromium, 
molybdenum or tungsten,. . ,. > • ^ 1 

31. A non-rthi ombpgenic. . implantable . device*' as claimed in claim 30, 
wherein said metal layer comprises an oxide of any. one of titanium, 
zirconium,, hafnium, vanadium, niobium, .. tantalum, .- chromium, 
molybdenum or tungsten. ; - .-/•'•:;■■ .' 

f ' - . 

.32. A nonrtlirombpgeriie, implantable': device as claimed in any one of 
claims 19 to*25j said material'. furuier comprising at least one body-tissue 
facing surface adapted for implantation, in a body tissue.- ... •; 

33. A , non-thrombogenic- implantable device as claimed in claim 32, 
wherein said base layer is made from a substantially homogenous suitable 
synthetic material. 
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34. A non-thrombogenic implantable device as claimed in claim 33, 
wherein said base layer is made from a synthetic material chosen from 
polyurethane, including different co-polymers thereof and 
polyurethane-derived materials, polytetrafluoroethylene, polyethylene 
glycol terephthalate, or expanded microporous polytetrafluoroethylene, 
and other suitable polymeric materials. 

35. A non-thrombogenic implantable device as claimed in any one of 
claims 19 to 25, wherein said base layer is covered by said thin 
substantially amorphous metal layer by means of a magnetron sputtering 
based procedure. 


36. Method for providing a non-thrombogenic material for the vascular 
system of the body having at least one bloodstream facing surface, 

• comprising covering at least a portion of a base layer made from a suitable 
material with a thin substantially amorphous or at least partially 

• amorphous layer of a suitable metal, said at least one bloodstream facing 
surface of the non-thrombogenic material being comprised on said thin 

. metal layer, wherein said metal layer is made from'a suitable metal such as 
to provide a substantially non-positive electrode potential with respect to a 
bloodstream in contact with said metal layer.. 


37. Method as claimed ir\ claim 3.6, wherein said metal layer is applied 
non-continuously over said base layer. 

38. Method as claimed in claim 36,„wherein base layer is covered by said 
metal layer by means of a magnetron sputtering based procedure. 

39. Method as claimed in claim 38, wherein said magnetron sputtering 
based procedure comprises the following steps:- 
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(a) providing said base layer made from a suitable material and in a 
suitable form; ■ : " : 

(b) placing said base layer in a vacuum chamber comprising suitable 
magnetron sputtering means; 

(c) providing a target made from said suitable metal in said vacuum 
chamber; 


'(d) evacuating the chamber to a residual pressure; _ 
'(e) providing an atmosphere of plasma forming gas in said vacuum 
chamber; 

(f) initiating a suitable electrical glow discharge in said vacuum 
chamber to provide plasma ions from said plasma forming gas 
directed at said metal target; .-. : ■=,-■ 


(g) sputtering metal frpm^said^metal target onto said base , layer 
responsive .to interaction of said plasma ions,, onto said metal target 
whereby 'to .cover said,, base .layer with a thin substantially 
non-continuous layer of said, metal. . , . ' 

40;. .Method as claimed jn claim- 39, further comprising the following step 
- .between. steps (a) and (b):- : > i 

* h 

(h) cleansing said base "layer using any suitable cleansing method; 

41. Method as claimed m xlaiitf 40;' wherein said cleansing method is an 

'' ' - ■ . i > ■ ' 'if ' - V '" 

ultrasonic-based cleansing method: 

42. Method as ciaimed' in claim 39, further comprising the 'following' step 
between steps (e) and (f): 

(i) ionicaily etching at least one outer surface of said base layer; 


IS ' - ' 
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43. Method as claimed in claim 42, wherein said plasma forming gas is 
argon. , ... . ■ 

44. Method as claimed in claim 43, wherein said ionic etching step is 
performed at a pressure of between about 0,1 Pa ; to about 1.0 Pa, and 
preferably between about 0.3 Pa to about 1 .0 Pa. 

* * - . 

45. Method as claimed in claim 44, wherein a power density associated 
with said magnetically sputtering step is between about 4.0 W/cm 2 to 
about 6.0 W/cm 2 . 

46. Method as claimed in.claim 38, wherein a potential associated with said 
magnetically sputtering step is between about 200V and between 500V. 

47. Method as claimed in claim 41, wherein said magnetically sputtering 
step is performed until an average thickness associated with said 
substantially non-continuous metal layer reaches between about 50 run to 

between about 300 nm. 

■ ■ /. .'.''•'•-....***'. ".-* . ■ . 

48. Method as cjaimed.in claim 38, wherein said base layer is made from a 
suitable synthetic material. 

49. Method as claimed in, claim 38, wherein said base layer is made from a 
suitable synthetic material chosen from polyurejhane, including different 
co-polymers thereof and polyurethane-derived materials 
polytetrafluoroethylene, polyethylene glycol terephthalate, or expanded 
microporous polytetrafluoroethylene, and other suitable polymeric 
materials.. 

50. Method as claimed in claim 38, wherein said metal target comprises a 

1 J * . ^ i * ■ . * '. ■ - ' 

metal chosen from among any one of titanium, zirconium, hafnium 

* i * 

vanadium, niobium, tantalum, chromium, molybdenum or tungsten, or an 
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alloy comprising at least one of titanium, zirconium, hafnium, vanadium, 
niobium, tantalum, chromium, molybdenum or tungsten. 

51. Method as-qlaimed in claim 50, further comprising the step of oxidising 
at least a portion of said substantially amorphous metal layer. 

52. Method as claimed in claim 50, Wherein said oxidising step comprises 
exposing said metal layer to the atmosphere. 

' 53. ' Method as claimed in claim 50, wherein said oxidising step comprises 
exposing said metal layer to a bloodstream. 

•54. Method as claimed in claim 38, wherein said base layer is provided in 
' the form of a sheet particularly adapted for providing a vascular patch, 
wherein said; metal layer is provided: on the bloodstream facing layer of 
■, said sheet. . , , '• " s ii: 1 - '' : 

- 55 . ■ Method as claimed in claim 3S'; wnWein said" 'base layer is provided in 
the form of a tube, said method further comprising the steps: 

' ' (j) inverting the tube ; inside out % rthaf the iim'elr cylindrical surface is 

now outermost; 

■r - (k) re-mverting4lie : tube ;i sb that the said' iniier cylindrical surface in 
" ' innermost again;' " ' : . . • 

i ' ;. . x , - - - • \ 

wherein step "(j) is performed before step (b), and step (k) is performed 
after : step (gX whereby said metal layer js provided on said inner 

: . ., . : ; .. .r . . ■ • v.-: »-.•••. .-g:.--::-v • - ; - : < . ■■ ' 

cylindrical surface of said tube. 

56 Method as claimed in claim 38, wherein said base layer is provided in 

'the form of at least' one component of a suitable artificial heart valve, 

wherein said thin metal layer is provided on the bloodstream facing layers 
' of said at least one component of said suitable artificial heart valve. 
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57. Method as claimed in claim 38, wherein said base layer is provided in 
the form of at least one component of a suitable artificial heart assembly, 
wherein said thin metal layer is provided on the bloodstream facing layers 
of said at least one component of said suitable artificial heart assembly. 

58. A non-thrombogenic.prosthetic material for the vascular system of the 
body made by the method as claimed in any one of claims 36 to 57. 

* 

59. A non-thrombogenic implant for the vascular system of the body made 
by the method as claimed in any one of claims 36 to 57. 

60. A method for replacing a .vascular tissue with a non-thrombogenic 
implant comprising the steps of:- 

(a) surgically removing said vascular tissue; 

(b) surgically implanting a suitable non-thrombogenic implantable device 

V * 

according to any one" of claims ;! 9 to 35., 

■ < . . t , 

61. A method for repairing* a vascular tissue with a non-thrombogenic 
implant comprising the steps -of:- , / 

(c) surgically preparing a damaged part of said vascular tissue to recei ve 

* * 

an implant; 

(d) surgically implanting a suitable non-thrombogenic implantable device 
according to any one of claims 19 to 35 on said damaged part of said 
vascular tissue. 
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